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Abstract. The constraints on baryogenesis models obtained from an observation of neutrinoless double beta decay are discussed.
The lepton number violating processes, which can underlie neutrinoless double beta decay, would together with sphaleron pro-
cesses, which are effective in a wide range of energies, wash out any primordial baryon asymmetry of the universe. Typically,
if a mechanism of neutrinoless double beta decay other than the standard light neutrino exchange is observed, typical scenarios
of high-scale baryogenesis will be excluded. This can be achieved by different methods, e.g. through the observation in multiple
isotopes or the measurement of the decay distribution. In addition, we will also highlight the connection with low energy lepton
flavour violation and lepton number violation at the LHC.
Introduction
The observation of a baryon asymmetry in the Universe is one of the most significant facts pointing to the need of
Beyond the Standard Model (BSM) physics and any new theory of particle physics must be at least consistent with
this phenomenon. On the other hand, as we shall see later, an observation of lepton number violation at low-energy
scales can shed light on the baryon number generation mechanism and also serves as a guideline for pinpointing the
underlying ultraviolet complete theory.
The observed baryon asymmetry of the Universe can be quantified as the baryon-to-photon number density ratio
ηobsB = (nb − nb)/nγ = (6.09 ± 0.06) × 10−10 [1] and various theories try to account for this value. One of the most
popular scenarios of high-scale baryogenesis is so-called leptogenesis [2], which generates a (B − L) number density
asymmetry (where B and L indicates the baryon and lepton number, respectively) at some high scale, satisfying the
well-known three Sakharov conditions [3]: B violation, CP violation and departure from thermal equilibrium. The
created (B − L) asymmetry is then rapidly translated into the baryon asymmetry by (B + L) violating sphaleron
processes above the electroweak (EW) scale [4].
Lepton number violation (LNV) is also closely related to another observation pointing to BSM physics, namely,
to the tiny, but non-zero neutrino masses and to the corresponding question of the underlying neutrino mass generation
mechanism. In case that neutrinos are Dirac spinors, lepton number is conserved, which might be protected by an
underlying symmetry. On the other hand, if neutrinos have Majorana masses, lepton number is violated, implying the
occurrence of neutrinoless double beta (0νββ) decay [5]. In this report, we will highlight the fact that a non-standard
mechanism which contributes to 0νββ decay will also erase a pre-existing baryon asymmetry produced at high scales
in the early Universe due to the sphaleron processes. In other words, the observation of non-standard 0νββ decay
will falsify high-scale baryogenesis mechanisms. The following text is mostly based on reference [6], which can be
referred to for further details.
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The most relevant 0νββ decay processes are those with ∆L = 2 and ∆B = 0. Therefore, if we assume that
lepton number is broken well above the EW scale, we can characterize corresponding interactions with odd-dimension
∆L = 2 effective operators which involve Standard Model (SM) particles only. Up to dimension 11, there are 129
operators [7], out of which we will focus on the following four examples
O5 = (LiL j)HkHlεikε jl, O7 = (Lidc)(e¯cu¯c)H jεi j,
O9 = (LiL j)(Q¯iu¯c)(Q¯ ju¯c), O11 = (LiL j)(Qkdc)(Qldc)HmH¯iε jkεlm. (1)
Here L = (νL, eL)T , Q = (uL, dL)T , H = (H+,H0)T are SU(2)L doublets and e¯c, u¯c, d¯c refer to charge conjugated
SU(2)L singlets. The two-component Weyl spinor notation is used: fields with (without) a bar are right- (left-)handed
under the Lorentz group. While O5 is the standard Weinberg operator, the other non-standard operators will generate
light neutrino Majorana masses at loop level after EW symmetry breaking.
Effective Operators and Effective Couplings for 0νββ Decay
The non-standard contributions to 0νββ decay can be parametrized by effective operators of dimension 6 and 9 [8],
corresponding to short-range and long-range interactions, respectively, see Fig. 1. Assuming the dominance of one
operator, the 0νββ decay half life is given by
T−11/2 = 
2
i Gi|Mi|2, (2)
where Gi is the nuclear 0νββ decay phase space factor and Mi stands for the matrix element for a given isotope and
operator. The coefficient i is an effective coupling of a specific operator, which is related to the cut-off scale Λ of the
generating operator OD in eq. (1) as [9]
me5 =
g2v2
Λ5
,
GF7√
2
=
g3v
2Λ37
,
G2F{9,11}
2mp
=
 g4Λ59 , g
6v2
Λ711
, (3)
where v denotes the Higgs vacuum expectation value after EW symmetry breaking. In case of the five dimensional
operator, the effective coupling is simply given by the ratio of effective 0νββ decay mass mee to electron mass me.
Couplings corresponding to operators of higher dimensions are normalized by the Fermi coupling GF and the proton
mass mp. Moreover, the expected scaling in an ultraviolet complete model generating a particular effective operator
is described by powers of a generic coupling constant g. However, its role is purely instructive, as in the following
analysis it is set to unity for simplicity.
Using equations (2) and (3) we can obtain the scales of the effective operators ΛD in terms of the 0νββ decay half
life and particular matrix elements, whose numerical values consequently play an important role in this calculation.
The bounds on 0νββ decay half life given by experimental searches in 76Ge and 136Xe with 90% C. L. currently reach
values of T1/2 > 2.1 × 1025 y [10] and T1/2 > (1.1 − 1.9) × 1025 y [11, 12], respectively. Using the results on the
effective couplings  from [9] and rescaling them with the current limits on T1/2, one can obtain the corresponding
cut-off scale ΛD for each operator, which are depicted in Fig. 2. The planned sensitivity of future 0νββ decay searches
is expected to improve by two orders of magnitude to T1/2 ≈ 1027 y [13].
Lepton Asymmetry Washout
Let us now compute the washout effect on a pre-existing net lepton asymmetry by the above discussed effective
operators. If we consider the washout driven by a single LNV ∆L = 2 operator of dimension D, the Boltzmann
equation for ηL, the net lepton number in dependence on temperature T and normalized to the photon density nγ,
reads [6]
nγHT
dηL
dT
= cD
T 2D−4
Λ2D−8D
ηL, (4)
where nγ ≈ 2T 3/pi2 is the equilibrium photon density, H ≈ 1.66√g∗T 2/ΛPl denotes the Hubble parameter with the
effective number of degrees of freedom g∗ (≈ 107 in case of SM) and the Planck scale ΛPl = 1.2 × 1019 GeV. The
constant cD on the right-hand side of the equation varies for each operator and is obtaining by calculating the scattering
density integrated over the whole phase space and summing over all possible initial and final states. The constants
corresponding to our selection of operators (1) are c{5,7,9,11} = {8/pi5, 27/(2pi7), 3.2 × 104/pi9, 3.9 × 105/pi13}.
The condition for an operator OD to be in equilibrium is given by [6]
ΓW
H
≡ cD
nγH
T 2D−4
Λ2D−8D
≈ 0.3cD ΛPl
ΛD
(
T
ΛD
)2D−9
& 1. (5)
This relation is satisfied whenever the temperature T lies in the interval
ΛD & T & λD ≡ ΛD
(
ΛD
c′DΛPl
) 1
2D−9
. (6)
The lower limit λD therefore represents the temperature above which any pre-existing lepton number asymmetry will
be washed out in case that 0νββ decay is observed at the corresponding rate and if the given operator OD is the
dominant contribution. On the other hand, the scale ΛD indicates the upper limit given by validity of the effective
operator approach. Above this scale the underlying (UV-completed) model must be considered.
If we consider a particular operator, e.g. O7, we can rewrite the inequalities (6) using (3) and (2) in terms of 0νββ
decay half-life; i.e., (
T1/2
1025y
) 1
6
2.3 × 104 GeV & T &
(
T1/2
1025y
) 1
5
98.9 GeV, (7)
where T1/2 can be substituted by a chosen value of 0νββ decay half-life or by its future limit. If we set T1/2 to the
(approximate) current experimental limit 1025 y, then these inequalities yield simply the expression (6) for D = 7 with
corresponding numerical values of the involved scales.
A more precise determination of the lower limit for the washout can be obtained by solving the Boltzmann
equation (4). In this way we can determine the scale λˆD, above which the lepton asymmetry washout induced by
a particular operator is effective enough to suppress the primordial asymmetry down to the EW scale, where the
remaining difference is translated into a baryon asymmetry by sphaleron processes. This more stringent limit reads
λˆD ≈
(2D − 9) loge 10−2
ηobsB
 λ2D−9D + v2D−9 12D−9 . (8)
FIGURE 1: Diagrams showing the contributions of
operators (1) to 0νββ decay in terms of effective ver-
tices, which are point-like at the nuclear Fermi scale.
FIGURE 2: Comparison of temperature intervals in
which the LNV and LFV operators are in equilib-
rium assuming observation of 0νββ decay at the cur-
rent/future (left/right bars) sensitivity.
The considered primordial asymmetry is of order one. The intervals of effective washout for all the operators are
depicted in Fig. 2 for both the current and future 0νββ decay sensitivities. The most obvious feature of the obtained
results is the big gap between the Weinberg operator (≈ 1014 GeV) and other LNV operators (≈ 103−4 GeV), which
means that 0νββ decay can provide information about both low and high scales. On the one hand, if 0νββ decay is
observed and triggered by any of the non-standard mechanisms, any high-scale baryogenesis scenario above corre-
sponding λˆD is excluded. Nevertheless, if 0νββ decay is dominated by the standard mass mechanism, the origin of
neutrino masses and baryogenesis are most probably high-scale phenomena.
Hence, it turns out that it is very important to be able to distinguish non-standard mechanisms from the standard
one since they correspond to very different cut-off scales, leading to very different temperature ranges within which the
wash-out effect on lepton asymmetry is efficient. Naturally, the observation of 0νββ decay alone would not be enough
to pin down the underlying effective operator. However, different strategies exist to distinguish different mechanisms
of 0νββ decay (for further discussion we refer to [6]). Possibilities are, for example, to observe the decay from different
isotopes [15] or to measure the angular and energy distribution of the outgoing electrons, which could be achieved
by the SuperNEMO experiment [16]. This is applicable for the operator O7, whose final state contains electrons of
opposite helicities. On the other hand, if the effective operator O9 or O11 contributes most, they could be probed at the
LHC. In fact, observation of LNV at the LHC would already imply an exponential reduction of any primordial lepton
asymmetry and consequently an exclusion of highscale leptogenesis models [17, 18].
Unlike resonant processes at LHC, 0νββ decay can probe LNV only in the first lepton generation. However,
if LFV is observed, our argumentation can be extended to the lepton asymmetry washout on other flavours. This is
shown in Fig. 2. For the current and estimated future constraints from µ→ eγ, τ→ `γ and µ− e conversion in nuclei,
the corresponding temperature interval is shown where all flavours are in equilibrium. Thus, an overlap among the
intervals of LFV and LNV processes ensures that the net numbers of both involved flavours are efficiently washed out.
To conclude, we have described a tight connection between low-energy LNV and the observed baryon number
asymmetry. The observation of 0νββ decay triggered by a non-standard mechanism together with an observation of
LFV would exclude high-scale baryogenesis scenarios. However, some caveats should be taken into account. For
instance, the baryon asymmetry can be generated below the electroweak scale or certain mechanism protecting the
asymmetries from washouts can exist. In any case, we wish to encourage experiments to perform extensive searches
of any LNV processes, as their discoveries can lead to fundamental conclusions about the early stages of the Universe
formation.
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